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Introduction
Metabolism of many lipophilic drugs to more hydrophilic metabolites is one of the important determinants in disposition of the drugs from the body. The drugs are generally metabolized at different sites in the molecule by phase I and II reactions, so multiple metabolites are detected in the excreta of man and experimental animals dosed with the drugs. It is essential for understanding changes in disposition of a drug to investigate the changes in whole metabolism of the drug itself and/or in the formation of each metabolite.
Tiaramide hydrochloride, an anti-inflammatory drug, is well absorbed, extensively metabolized and mainly excreted in the urine of human and experimental animals ' 2,31 Tiaramide contains a piperazineethanol group in its side-chain and is mainly metabolized at this side-chain moiety through phase I and II reactions". The major metabolic pathways of tiaramide in the rat were (a) N-dealkylation of the P-hydroxyethyl group to the corresponding secondary amine, DETR ; (b) N-oxidation at the terminal nitrogen of piperazine to the tertiary amine N-oxides, TRNO and TRAO ; (c) oxidation of the piperazineethanol to the piperazineacetic acid metabolites, TRAA and TRAO ; and (d) sulfoconjugation of the alcoholic hydroxy group to tiaramide O-sulfate ( Fig. 1) . N Dealkylation to the secondary amine and N-oxidation to the tertiary amine N-oxide were catalysed by microsomal mixed-function oxidases, cytochrome P-450 and/or FAD-contain ing amine oxidase, in rat liver, and oxidation of the piperazineethanol was catalysed by alcohol and aldehyde dehydrogenase in the liver 4,11. Sulfoconjugation of the alcoholic hydroxy group was catalysed by sulfotransferases in the soluble fractions of rat livers).
Some of the metabolite formations by the liver exhibited sex-differences in the mature rats and we observed a good correlation between the metabolite formation and the urinary excretion of formed metabolite in rats treated orally with tiaramide3'4'". N-Dealkylation and N-oxidation by the microsomes and the urinary excretion of formed metabolites, DETR and TRNO, were higher in the mature males, but sulfoconjugation by the soluble fractions and the urinary excretion of tiaramide O-sulfate were higher in the mature females. These results show that the hepatic metabolism of tiaramide is important in the disposition of the drug in rats, and the changes in the hepatic metabolism cause changes in the urinary excretion of the drug. Table  I . Table I . Hepatic metabolism of tiaramide in rats as a function of age and sex DETR and TRNO formation by the microsomes was measured in the reaction media containing NADPH generating system as coenzyme system. Tiaramide O-sulfate formation by the soluble fractions was measured in the reaction media containing either PAPS or PAPS G.S. as coenzyme system. Values represent means±S.E.M. of four to six animals. Significantly different from respective activities obtained from males, **p<0.01.
; not done.
Formation of DETR and TRNO from tiaramide by the hepatic microsomes was higher in the young-adult and middle-aged male rats than in the respective females.
There were no significant sex-differences in the old rats due to a wide variation of acti vities by the microsomes from the old males, although the formation was still higher than in the females. DETR formation by the microsomes of male rats was highest in the young-adult rats and decreased gradually with aging. In the female rats, there were no such age-associated changes in DETR formation by the microsomes. TRNO formation by the microsomes of male rats was highest in the young-adult and middle-aged rats and decreased with aging. In the female rats, microsomal TRNO formation in the middle-aged and old rats was about double that in the young-adult rats.
Sulfoconjugation of tiaramide by hepatic 105,000g supernatants was studied using biologically active sulfate (PAPS) as cosubstrate. We also studied the sulfoconjugation supported by PAPS generating system (PAPS G.S.) consisting of ATP, inorganic sulfate and the supernatants as coenzyme system, because this system could synthesize PAPS by two activating reactions"). Formation of tiaramide O-sulfate by the supernatants was higher in all the female rats than in males. In the reaction system containing PAPS G.S.
the conjugation was maximal in the young male rats, decreased markedly in the young adult and middle-aged males and increased again to the intermediate level in the old males. In the female rats, the formation was highest in the young-adults, decreased to minimum in the middle-aged, which was similar to the level in the young, and increased again to the intermediate level in the old. In the reaction system containing PAPS, formation of the sulfate by the males exhibited similar age-related changes to these in the PAPS G.S. The level of PAPS-dependent sulfoconjugation in the young, young-adult and old females was almost the same, and was higher than in the middle-aged females. Urinary excretion of tiaramide and its metabolites in rats as a function of age and sex Age and sex-related changes in the urinary excretion of tiaramide and its metabolites were compared in the urine of rats treated orally with tiaramide hydrochloride (Table III) .
Only a small portion (less than 3%) of the dosed tiaramide was excreted unchanged in the 24h urine of any rats and this rate scarcely changed throughout the lifespan. In the young rats, excretion of DETR in the 24 h urine accounted for 4 % of the dosed tiaramide and there were no sex-differences. In the young-adult males, excretion of DETR in the 24 h urine more than doubled that in the young animals, but in the young adult females the rate was about the same. In the middle-aged rats, DETR excretion decreased to the level of that of the young rats in the case of males, and to a level lower than that of the young rats in the case of females . The rate in the old female rats was almost the same as that in the young rats .
TRNO excreted in the 24 h urine of the young rats accounted for about 7 % of the dosed tiaramide and there were no sex-differences. Within 24 h after oral dosing, more than 54 % of the dosed tiaramide was excreted as the total components in the urine of all the rats. There were no significant sex-differences in excretion rate of the total components in the young rats, and there were no age dependent changes of the rate in male rats. Excretion of the total components in the urine of young-adult and middle-aged females was higher than that in the corresponding males by 30 %.
Relationship between the hepatic metabolism of tiaramide and the urinary excretion of the metabolites Age and sex-related changes in tiaramide metabolism in vitro and in the urinary excretion profile of the metabolites are compared in Fig. 3 .
DETR formation by the hepatic microsomes and DETR excretion in the urine exhi bited similar age and sex-related changes ( Fig. 3-a) . Although changes in TRNO forma tion by the microsomes did not coincide with changes in TRNO excretion (Table I and III), TRNO formation by the microsomes showed similar age and sex-related changes to the excretion of two N-oxidized metabolites, TRNO and TRAO, in the urine. Tiaramide as coenzyme system and the sulfate excretion in the urine exhibited roughly the same ageand sex-related changes (Fig. 3-c) .
Discussion
After oral dosing of 14C labelled tiaramide to the young-adult male rats at a dose of 10 mg/kg, excretion of radioactivity in the 24 h urine accounted for 68 % of the dosed tiaramide and more than 90% of the excreted radioactivity was estimated as the total components (unpublished observation). Since the total components represent the sum of tiaramide and all metabolites which retain the 5-chlorobenzothiazolinone ring and are only metabolized at the side-chain moiety, the results indicate that the 5-chlorobenzothia zolinone ring in tiaramide is hardly metabolized in the rat and the total components in the urine correspond to majority of tiaramide and its metabolites excreted in the urine.
In this study, recoveries of the total components in the urine after oral dosing of tiaramide to rats were fairly constant in all the males studied and in the females after puberty. Excretion of the total components in the urine of young-adult and middle-aged female rats was higher than that in the young females and in the corresponding males by 15-20 % of the dosed tiaramide, and studies to clarify age and sex-related changes in excretion of the total components should be needed. Since the changes in recoveries of the total components as a function of age and sex of rats were less marked than those in excretion of each metabolite, it is unlikely that changes in urinary excretion profile of tiaramide metabolites in the rat are mainly due to changes in absorption and elimination of tiaramide in the body.
The hepatic metabolism of tiaramide changed as a function of age and sex in the rats. These changes apparently coincided with the changes in the urinary excretion of the metabolites but did not with the changes in the excretion of the total components. The results suggest that the hepatic metabolism of tiaramide is important in the excretion of tiaramide in rats and age and sex-related changes in the urinary excretion of the meta bolites reflect the changes in the hepatic metabolism of tiaramide. known, but the fact that the substrates, animal strains, participating enzymes, and/or reactions from formed N-oxide were different might explain this discrepancy.
